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ABSTRACT

Results of wind tunnel heat transfer tests of O.Ol75-scale Rockwell

International Space Shuttle Vehicle configurations for orbiter alone,

tank alone, and orbiter plus external tank are presented in this report.

Body flap shielding of SSME'sduring simulated entry was also investi-

gated.

The tests were conducted at Mach8 for thirteen Reynolds number per

foot values ranging from 0.5 x lO6 to 3.72 x lO6.
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INDEX OF DATA FIGURES (Concluded)

COEFFICIENT SCHEDULE:

A.

B:

C:

D:

E:

F:

G:

HI/HO, IIU/HO vs X/LT

III/HO, HU/HO vs X/L

HI/HO, HU/HO vs X/C

HU/HO vs X/C

HI/HO vs X/L

HU/HO vs X/L

IIU/HO vs X

NOTE: A large volume of working data plots were generated and

released by the Data Management Services during initial

data processing activities. However, for documentation

purposes, only a small representative selection of plots

are included. The data will remain on file and be availa-

ble for any future applications.
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INTRODUCTION

The experimental investigation described in this report was performed

to obtain aerodynamic heating rate data in both ascent and entry flight

regimes of the Space Shuttle Vehicle. Second stage ascent interference

heating was investigated with the orbiter alone, tank alone and orbiter

plus external tank configurations at angles of attack of -IO °, -5°, 0°,

and 5° and sideslip angles of 0° and -2° •

Orbiter entry heating data was obtained over an angle of attack range

of 25 ° to 45 ° for sideslip angles of 0° and 5°. Effects of control surface

deflections and body flap nozzle shielding were also investigated.

The test program was conducted in the Arnold Engineering Development

Center VKF 50-inch B tunnel at Mach 8 for free-stream Reynolds number per

foot values from 0.5 x lO6 to 3.72 x IO6.
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NOMENCLATURE

Definition

model skin thickness, span, in

chord, in

specific heat of model material, BTU/Ibm - °R

heat transfer coefficient, BTU/ft2-sec-°R

reference heat transfer coefficient, BTU/ft2-sec-R

ratio of interference heat transfer coefficient
to stagnation heat transfer coefficient

ratio of interference heat transfer coefficient
to undisturbed heat transfer coefficient

ratio of undisturbed heat transfer coefficient to
stagnation heat transfer coefficient

enthalpy, BTU/Ibm

adiabatic wall temperature ratio, Taw/T o (recovery
factor). NOTE: Where HAW/HT = 0.0 in displayed
data, the heat transfer coefficient has been calcu-

lated using a recovery factor calculated from Taw/T o =
(0.867+0.133 sin 1.ss _), where a = (_ + o). Alpha is
the model angle of attack and theta is local surface
angle.

length, in

Mach number

unit Reynolds number, per foot

time, sec

temperature, °R

stagnation temperature, °R

initial temperature, °R

6



S_y_mbol

Taw

Qi

T/C

W

X

xlc

xlL

Y

x/LT

Z

2Y/B

Z/BY

6a

aBF

6r

c_

_e

Plot
Symbol

XlC

XlL

Y

X/LT

z

2Y/B

Z/BV

B. FLAP

Beta

ALPHA

ELEVON

PHI

PHIN

NOMENCLATURE - Continued

Definition

adiabatic wall temperature, °R

initial heat transfer rate, BTU/sec

thermocouple

model material density, Ibm/ft 3

axial distance from nose to corresponding

component, in

chordwise location, fraction of local chord

longitudinal location, fraction of length

spanwise distance from centerline, in

longitudinal location on tank, fraction of length

waterplane distance, in

spanwise location of semispan

vertical tail location, fraction of height

aileron deflection angle, degrees

body flap deflection angle, degrees

rudder deflection angle, degrees

sideslip angle, degrees

angle of attack, degrees

elevon deflection angle, degrees

radial loaction on tank, degrees

radial location on orbiter nozzle, degrees

i:



NOMENCLATURE - Concluded

aw

i
0
T
V
W

0

Subscripts

adiabatic wall condition
initial condition
Orbiter
tank
vertical tail
wall conditions

stagnation conditions



_-_ REMARKS

During the course of mated configuration testing, it was felt that the

forward canopy to wing bottom surface seam may have affected transition.

This seam was repaired with dental plaster and 48 transition study runs

were made at the end of the test with the orbiter alone configuration. These

runs (177-224) consisted of eleven Re/ft values at two angles of attack,

and demonstrated that the seam did not prematurely trip the boundary layer.

The original run schedule did not include obtaining data from the II

T/C's on the windshield, but during the test high heating rates were ob-

served in the canopy area. Therefore, three runs (#31, 32, and 33) were

added to the run schedule to obtain this data. The first II T/C's of the

data acquisition system switch position No. 1 were replaced with the wind-

shield T/C's for these runs.

9



CONFIGURATIONS INVESTIGATED

The 22-0T model is a O.Ol75-scale replica of the Vehicle 3 configuratioY_

Rockwell International Space Shuttle Orbiter and external tank per Drawing

Number VL70-000139. The model was a thin skin thermocouple model instrumented

with 428 iron-constantan thermocouples and was sting mounted through the

orbiter base. The tank was sting mounted to the orbiter sting.

Provisions were made to test elevon deflections of 0 °, +5 ° , +10°;

body flap deflections of 0 °, +I0°; and rudder flareangles of 0 ° and 40 ° .

Entry orbiter nozzle heating data was obtained by replacing the orbiter

main sting with an instrumented base plate and nozzle and an offset sting

mounted through the vertical tail area. The offset sting simulated a rudder

flare deflection angle of 40 ° .

The main model structure is 15-5 PH stainless steel with instrumented

areas of 15-5 PH and 17-7 PH. Thermocouple locations and local skin thick-

nesses are presented in Table 4. The model instrumentation reference system

is described in Figure I. The configurations tested are described below

with the component definitions given in Table 3.

5' WI03' E22' V7' R5

7' M4' F5' WI03' E22' V7' R5' TIO

BI7, C7, M4, F

BI7, C

TIO

BI7, C7, M4, F 5, WIO3, E22, V7, R5, N

Orbiter alone (0 I)

Orbiter plus tank (01 + TIO)

Tank alone (TIo)

Descent orbiter alone nozzle

heating (02 )

I0



TEST FACILITY DESCRIPTION

The Arnold Engineering Development Center (AEDC) is an Air Force

Facility located in Tullahoma, Tennessee. The tunnel used, Tunnel B, is

located in the Von Karman Facility portion of this center. Engineering

and other technical operations in this tunnel are performed by contractor

personnel of ARO, Inc.

Tunnel B is a continuous, closed circuit, variable density wind

tunnel with an axisy_etric contoured nozzle and a 50-inch diameter test

section. The tunnel can be operated, at a nominal Mach number of 6 or 8

at stagnation pressures from 20 to 300 and 50 to 900 psia, respectively,

and at a stagnation temperature of up to 1350°R. The model may be in-

jected into the tunnel for a test run and then retracted for model cooling

or model changes without interrupting the tunnel flow.

II



TEST PROCEDURES

The model was installed upright for second stage testing and offset-

sting nozzle heating and transition studies. The orbiter was inverted for

entry, orbiter alone testing. All configurations were leveled in both pitch

and yaw planes. Yaw angles were obtained by combinations of roll and pitch

with the tunnel model support system.

All instrumentation leads were routed internally through the model sup-

port apparatus to the data acquisition patching network outside the tunnel.

Two hundred ninety one thermocouples were connected to the instrumentation

patch board. Since the data acquisition system capability was ninety-seven

recorded thermocouples per run, three runs were necessary for one test point.

Each run of the test point series corresponded to one switch position (97

channels) of the data acquisition system.

The model was injected into the flow and remained on centerline for

approximately one second. After retraction, the model was cooled to an

isothermal state by air from high pressure manifolds.

For orbiter transition studies and nozzle heating tests, the orbiter

base and main sting were removed and replaced with an instrumented base plate

and nozzle. The model was then mounted with an offset sting through the

vertical tail area. Only two main engines were simulated and only the left

nozzle was instrumented. Shadowgraphs were taken for each run of the program.

l?



DATA REDUCTI ON

/

Thermocouple outputs were recorded on magnetic tape at the rate of

20 times per second from the start of the injection cycle until about 4

seconds after the model reached the tunnel centerline. The heat transfer

coefficient, h, was computed from the relation

h = Wbc

T O - Twi

d[In (To " Tw

'dr

.)]

where

W = model skin density, Ibm/ft 3

b = model skin thickness, ft

Cp = model skin specific heat, BTU/Ibm - °R

Twi = initial model skin temperature, °R

This relation was derived from the equation

dTw

h - WbCp B_--
TO - Tw

which neglects conduction losses and the assumptions that h, W, and

Cp are constants.

If conduction Iossesare indeed very small, then

In [ To Twi ]
TO Tw

versus time is very nearly linear. Even when conduction effects

are significant, a small linear portion of the curve can generally be found

_ 13



at early time. It is for this reason that a linear least squares curve

fit of In((T o - Twi)/(T o - lw)), begun as soon as it could be determined

that the model had reached uniform flow, was used to compute the derivative

m

d[In (---To Twi.)]
o - Tw

dt

and then h.

The lengths of the curve fits were kept as short as possible and yet

be consistent with system noise characteristics. These curve fit lengths

are given below:

Range No. of Points

16<
dT

w -< 32
dt

dT
W <

8 < _F_---

dT w <
4<_ -8

dT
W <

1 < _T_--= 2

16 9

13

17

25

41

14
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TEST ; OH4B

TABLE I. - TEST CONDITIONS

,

TEST CONDITIONS

: Sept, 1973

MACHNUMBER

8

8

8

0

8

8

8

8

8

8

8

8

8

REYNOLDSNUMBER

(perunit length)

0.5 x 106/ft

0.68 x 106/ft

1,0 x 106/ft

1.25 x 106/ft

1.50 x 106/ft

1,75 x 106/ft

2.00 x 106/ft

......... 2.25_

2.50 x 106_ft

2,75 x ]06/ft.

3.00 x 106/fL

3.35 x 106/ft

3:72x ]o6/ft

DYNAMICPRESSURE

(pounds/sq.inch)

II0

140

210

265

325

380

425

500

545

6o_

675

765

86O

STAGNATIONTEMPERATi_REI

, (degreesFahrenheit) !

88O

880

BALANCEUTILIZED:

NF

SF

AF

PM

RM

YM

CDMMENIS:

CAPACITY: ACCURACY:
COEFFICIENT
TOLERANCE"

16
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TABLE III. - MODEL DIMENSIONAL DATA

GENERAL DESCRIPTION: Fuselage, 3 confi_uratlon, lightweight orbiter per

Rockwell lines dra%rln_ No. VL70-O00139

MODEL SCALE:

D_WI]_O 8o. :

DIMENSIONS:

O.Ol75

VL70-000]-39

Length- In.

Max. _rldth .-In.

Max. depth - In.

Fineness Ratio

Area - ft :_

Max. Cross-sectlonal

Planform

Wetted

_se

_ULL SCALE MODEL SCA_

......m_, 3_ a2. _!_.t

_6L6 4.68_8_3o

2_. 5 4. e,8L8_._

4._z75 4.8_17_

_86.67 ,,,0.118!L2

24



TABLE III. - Continued.

NK)DEL OOMPO_SNT: CANOPY - 07

GE][ERAL DESCRIPTION: Configuratio,n 3 per Rockwell Lines VL70-000139

Insufficient information to complete dimensional data at this time.

_DEL SCALE: 0.OZ75

_AWING _BER: VL70-000139

DIMENSIONS:

Length (Xo = 433 to Xo = 670) - in FS

Max. Width

Max.Depth (Zo = to Zo = 501) in FS

Fineness ratio

Area - ft2

Max. Cross-sectional

Planform

Wettecl

Base

FULL SCALE MODEL SCALE

237 _.1_

25



TABLE llI. Cont-inued.

MODEL COMPONENT: OMS POD - M_

GENERAL DESCRIPTION: Orbital maneuvering syste m pods located on the orbiter

_ft fuselage.

MODEL SCALE: O.0175

DRAWING NUMBER: VL70-000139

DIMENSIONS:

Length- In.

Max. Width - in.

Nax. Dept_ In.

Fineness Ratio

Area - ft2

Max cross sectional

Planform

Wetted

Base

L of OMB Pod

WP = 463.9 In. FS; WP 400 + 63.9 = 463.9

BP- 80.0 In. FS

LENGTH: 1214.0 to 1560.0 - 346.0 In. FS

NOTE: M4 is identical to M3 of 2A configuration,
except intersection to body.

FULL SCALE MOOEL SC/_L_

io8.o l._LII!_

,u,11__.o ___!!3=0........
e

_6



TABLE III. - Continued.

Norm,oom_os_rr..BoI_n_.P- F_ ....

GEIERAL DESCRIPTION: 3 Configuration per Ro_ckwell Lines VLTO-0OOI_ ,,,

MODEL SCALE: O.0175

DRAWING NUMBER: VL70-OO0139

DIMENSIONS:

Leith - In.

Max. width - In.

Max. Depth

Fineness Ratio

Area - ft2

Max Cross-sectional

Planform

Wetted

Base

FULL SCALE

38.0958

MODEL SCALE

z._B22_,

_.683o

....0.94365

o.ozz67

27
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-TABLE III. - Continued.

MODELCOV2ONL_T: WING-WI03

GENERALDESCRIPTI(_'_: Conf'J_uration3 Orbiter per Lines VLTC)-C_]O139,

NOTE: SP_meplanform as W_7, except dihedral at TE

Scale Model := O 0175

TEST NO_

DI MENSIONS:

J ,,,,, ,11i ,, ,,j

TOTAL DATA
_"neo, ) Ft 2

Plan form
Span (Theo In.
Aspect Ratio
Rate of Taper
Taper Ratio

Dihedral Angle, degrees (g TE o£ Elevon)
Incidence Angle, degrees

Aerod_mamic Twist, degrees
Sweep Back Angles, degrees

Leading Edge
Trailing Edge
0,25 Element Line

Chords :
Root (Theo) B.P.O.O.
Tip, (Theo) B.P.
MAC
Fus. Sta. of .25 MAC

•W.P. of .25 MAC

B,L, of ,25 MAC
EXPOSEDDATA
_o) Ft2

Span, (Theo) In. BPI08
Aspect Ratio
Taper Ratio
Chords

Root BPI08

Tip l.O0 b

MAC
Fus. Sta. of .25 MAC
W.P. of .25 MAC

-- B.L. of .25 MAC
Airfoil Section (Rockwell Mod NASA)

XXXX-64
Root: b -

T'[p b -

Data for (1) of (2) Sides

Leading Edge Cuff 2
Planform Area Ft

Leading Edge Intersects Fus M. L. @ Sta

Leading Edge Intersects Wing @ Sta
28

II llll [,i _ _,

DWG. NO.....yI,70-(/9iqcZ_..........

FULL,SCA.LE MODEL SCALE

2690, O0 O. 82 381.

_ __ 2.26,5 2 ":
!-]7% _'.:" ._
O. 200 _.

.... 3.000 _., J
;_-__*3_.999 .+3., ,('(

45.00(3 45. O(K_

- : , ',q.-] (). 2_ _,]n. ......
..........35.2!)2. 3:'i. ;:!r:_,_

6g n .oGlro .........12

P _.9.8_L%8
.3 .u j&5

_ z_a.l_ ,i_,z¢>8

1752.29 O,53664

2.058 2. (>;_

o. 245z o. ;_/;_1 _

_ 56_._o

_ 393.03
Ii_5.3i

-- ._oo,_Oi s.;,s_so_
_ _:2_uS.76 _

O.iO O.iO

O.12 O.12
--- _lll l I_. J, _ lllllJJ , JL _ --

56q c '.60o



TABLE Ill. - Continued.

,! i

MODEL COMPONENT: ELEVON- Ep__

GENERAL DESCRIPTION: _ c0nfig_ra%ion per WIo 3 Rockwell Lines IEaYln_

VL70-000139 data for (i) or C2) sides.

SCALE MODEL: O.O175

DRAWING NUMBER: VL70-0OO139

DIMENSIONS:

Area- ft2

Span (equivalent) - In.

Inb 'd equivalent chord

Outb'd equivalent chord

Patio movable surface chord/
total surface chord

At inb'd equiv, chord

At outb 'd equiv, chord

s_eep-back angles, degrees

_ding e_e

Tr_ili_ edge

_ngeline

Area Moment (Normal to hingeline) - ft 3

(Product of Area Moment)

FULL SCALE

eOS.R

,_!l_.TB

55.oo

MODEL SCALE

.o.o627_

....6.183_5

2 .oo86_

o.962_o

0.00

- to.2_

O.00

o.oo_9

29



TABLE III. - Continued.

MDDEL COMPONENT: VERTICAL, V7 (Lightweight Orbiter Configuration)

GENERAL DESCRIPTION: Centerline vertical tail_ double-_ed_e airfoil with

rounded leadin 6 ed6e.

W0TE: Same as V5 but with manipulator housin B removed.

MODEL SCALE: 0.0175

t

IIRAWINGNUMBER: VL70-000139, VL70-000095

DIMENSIONS: FULL SCALE MODEL SCALE

TOTAL DATA

Area (Theo)- ct2
Planform

Span (Theo) - In.

Aspect ratio

Rate of taper

•aper ratio

Sweep-back angles, degrees

Leading edge

_iling edge

0.2 5 Element line

,,_._ , o.13o_

}l_.i2 5.5251o
_' 1.67 _ i.672
......O._o7 o. 5o7

O. 404 O. 404

.ooo _ .ooo
2_,2_9_. 26.24_

Chords:

Root (Theo) WP

mp (_heo)WP
MAC

Fus. Sta. of .25 MAC

W.P. of .25 MAC

B.L. of .25 MAC

2_. _.6987_ ,
....... " 1.89_2

f_63._ i <_.61za:_....
6,_,5.,522 11.12i64 .....

0.00 0.00

Airfoil section:

Leading wedge anble - deg.
Trailing Wedge angle - deg.

Leading edge radius

Void area - FT2

I0.000 I0.000

l_._2o z4.92o
2.o 0.0390

z3. z7 ...... o.oo_o)

I_anketed area 0.00 0.00

3O



TABLE III. - Continued.

COMPOR_T DIMENSIOE4L DATA

MODEL COMPONENT: RUDDER - R_

GENERAL DESCRIPTION: _2A, 3 and 3A ponfiKurationper Rockwell Lines Drawing

_7o_ooo95

NODEL SCALE: 0.O175

DRAWING NUMBER: VL70-000139, VL70-000095

DIMENSIONS:

Area - f_

Span (equivalent) - in.

Inb'd equivalent chord

Outb 'd equivalent chord

Ratio movable surface chord/
tot_l surface chord

At Inb 'd equiv, chord

At outb 'd equiv, chord

Swmep-back angles, degrees

Lea_ng edge

_ili_ edge

Hin_ellne

Area Moment (normal to hingeline) - ft3

Product of area and mean chord

FULL SCALE MODEL SCALE

jl_" _ 8 0 "0_ 8

2oz.o

91.58_ 1.6oe74

50.833 O:88_8

3_.83 3_.8_

26.27 26.25

• 34.83 ,_.8_

:m6.1_ o.oo28,?

31



TABLEIll. - Continued.

I_DEL COMPONENT: EXTERNAL TANK - TIO

GENERAL DESCRIPTION: Exter_ Oxygen,hYdrogen tank; 3 configuration, per

Rockwell Lines drawin_ VL78-000041 and VL72-000088

MODEL SCALE: 0.0175

DRAWING_: VL72-000088,VL78<_0041

DIMENSIONS:

Length - In. (Nose @ XT = 309)

Max. width (Dla) - In.

l@_x. depth

Fineness Ratio

Area - ft2

Max. Cross-Sectional

Pl_nform

Wetted

_se

WP of Tank Centerline (XT) In.

SCALE MODEL oCALE

.... _

5.75617,_., .... _7_617

572.5_5 ___,o._7534

 x).o ..... 7.oo

32



• TABLE III. - Concluded.

MOD<L COMPONENT: MP3 NOZZLE;? N

GEIO_PAL DESCRIPTION: ......0nly the exterior surface of the nozzle was

simulated.

MODEL SCALE: 0.0175

DPJ,UING NU_h_.

DIM]IXSIONS:

MACH NO.

UL70-000139

Length - In.

Gimbal Point to Exit P].ane
Throat Lo Exit Plane

Di_ueter - In.

Exit

Throat

Inlet

Area- ft2
Exi t

Throat

Gimbal Point (Station) - In.

Upper Nozzle

X
Y

Z

Lo-_r Nozzles

Y

Null Position - De5.

Upper Nozzle
Pitch

Y_w

33

L.ov,'r No'.'7\_

Pitcli
Y:_w

FULL SCALE MODEL SCALE



rlc
_0. L

,J

1 o

2 .005

3 .010

4 .020

5 .030

6 .040

7

8

9

IO

Ii

12

13

14

15

16

17

18

19

2O

21

22

23

24

25

[ 26

27

28

Table IV, -Orbiter

Model

T/C Locations

22-OT

31

32

FULL SCALE

X o Y

MODEl. SC_,LE

....l._riU}i

x NOSE Y z

.O50

.060

.070

.080

.090

.IOO

.120

.130

.140

.150

.160

.170

.180

.190

.200

.225

.250

.275

,300

,325

,350

I

1238.00

244.45

250.90

263.81

276.71

289.61

302.52

315.42

328.32

341.22

0 -- 0 0

A A .i13

.226

.452

.677

.903

1.129

1.355

1.581

........ 1.806

i

2.032

2.258

2.710

2.935

3.161

3.387

3.613

3.839

---- 0

A

SKIN

THICK I

t,

.O_

.05_-

. C_ g

i.c3g

:c._3

.#3_2

_ZFAR ._

B©TTOM

354.13

367.03

.425

.450

392.84

405.74

418.64

431.54

444.45

457.35

470.25

483.16

496.06

4.064

4.290

4.516

528.32 5.081

56o.58 ........................... 5,6,15

592.83 6.210

" °'"' 1

818.641 0 -- 10.161 0

I

625°09

657.35

689.60

754_i)

786.38

-- OPEN

._5"

ces-

_635-'

.C3_

•_$5"

•c35-

.C:IE

.o.35"

BCTrOM

._3/

.c9/

.(p33

._33

..... .692

.j __. e3

.6Z_

'! . c Z ,J

I ;-- .4_.55" t
0 .4_9_ BOTTOM %

34

I



Table IV. (Cont'd) Orbiter

FULL SCALE

xo y z

947.66

979.92

1012.18

1044.44

1076.70

1108.951

1141.21

1173.471

1205.72

1237o981

1270.24

1302.50

1334.76

1367.01!

1399.27!

1431.53!

1463.781

1496104

1528.3

1541.56

1560.5E

1574.3C

1592_2

27o.2_

3o2.5_t

334.77

367.03

399.29

MODEL SCALE

(x l._r-_,_NCSE/ Y

850.89 0 -- 10.726
, ,

883.15 _ i 11.290
9_5.41 11.855

12.419

12.984

13.548

14.113

14.677

15.242

15.806

'i6.371

16.735

17.500

18.064

18.624

19.193

19.758

2o.i_2

20.887

21.451

22.016

22. _80

; " 2_.812

23.1_5
[.

23.3ss

23.709

.226

=

.565

I 1.129

E .................. T ......

1.694
[

-- _ 2.258

0 -- 2.823

0

Z

L

A

t

0 --°

o

SKIN

THICK

NESS

. ,,,,

.o3D

.o3 2

02_

• o2_ T
I

• &9-_

,o9o-

_3¢i

REMARKS

,_9S

_30-

,_3¢.J

e3S

o0931
J

. ,_.3_ I .........

t._35"

•032 Ir

.o321

.o3_

I .o_2

0 , o3oi

!z_oi.ea_i

i.ogf

180 .o.B/

BOTTOM

,

BOTTOM qu

_=i. 008@_ 3F :IO__

_BF I0° ONLY

_F

i0 u ONLY
BF

, ,, ,,,,

TOP

t

TOP

35

O32



Table IV. (Cont'd) Orbiter

65 .150

66 ,160

67 .170

68 .180

69 .200

70 .250

71 .300

72 .400

73 .500

74 .600

75 .700

76 .800

77

78

79

:80
8_

82

83

84

85

[86

87

88 .I00

89 .150

90 .050

91 .200

92 .300

93 .20 r'

94 .300

95 .400

96 .500

431.54 0 -- 3.387 0

444.45_ _ 3o613
457.35 3.839

470.25 4.064

496.06 4.516

560.58 5.645

625.09 6.774

754.12 9.032

883.15 11.290

127o.24 o -- 18.064

29.60478.00Fwi_Dow_I
L

b

12.80 478.00 WINDOW #i

21,20 464,97
i ii

34.40 452.00

6.00 452.00 WINDOW #i

43.20 478.00 WINDOW #2

34.80 478.00 WINDOW #2

44.80 464.97 A 0.784 8.137
|

59.20 452.00 1.0367.910

40.40 452.00 WINDOW #2 0.707 7.910 --

62.40 464.97 WINDOW #3 , 1.092 8.137

367.03 20.00 -- 2.258 0.350 --

431.54 24.00 -- 3.387 0.420 --

I03 2.52 25.00 _ I_29 0.438 --

496.06 25.00 4o516 0.438 j_

625,09 25.00 6.774 0.438

_" TOP LEFT

IAO ¢5Z

i0 . C_5b*"

io .&gS

l& .mS_3

1.1._.__3i

RIGHT

CENTER

BOTTOM LEFT

BOTTOM RIGHT

TOP LEFT

TOP RIGHT

CENTER

BOTTOM LEFT

BOTTOM RIGHT

CENTER

SIIi,_..__

.... i625.09 _000 6.774 0.875 _!.o3_

9.032 0.875 I_ 21o5l_Z_754.i2 50.00

883.15 50.001 -- 11.290 0.875 --_ 21._,61_

........ FIISKD_CE _OTTOM

_IIF{F_C_

36



J,

{!

T/c
NO.
W

97

98

99

I00

I01

102

103

104

105

106

i07

108

109

110

iII

112

113

114

115

116

117

118

119

120

121

122

]23

124

125

126

127

J

x

L

.600

.7oo-

.800

.900

1.000

1.050

.I00

.lSO

,.050

,i00

.150

,200

.300

.200

.150

•200

.300

.300

_050

.I00
i.............

, .150

,200

o300

i .300
i

u_ .....

.076

F-:7oo

.900
i.............

.975

.975

°050

T_ble IV. (Cont,d) Orbiter

x
o

i012.[8 50.00

1.141.21 50.00

1270. 24 50.00

MODEL SCALE

FROM Ix NOSE Y z

13.548 0.875

15.806 0.875

18.064 0.875

1399.27 50.00

1528.30 i00.00

20.322 0.875

22.580 1.75

21.5

:SKIN
THICK-

NESS

i.o2/

. o33

t._39

2i.,-_. o5¢_

39 ._3 /

1592._2 i00.00

36"7.03 39.20

43]..54 40.80

302.52 ............

23.704 1.75

2.258 0.686

3.38"7 0.714

303.60 1.129

367 52.00 -- 2.258 0.910

625. 330.001 6.774

496. 320.001 4.516

625 09 74.46 -- 6.774 ]..303

496 06 75.60 292.00 4.516 1.323 5.110

431.54 79.20 304.80 3.387 1.386 5.334

496.06 85.20 298.80 4.516 1.491 5.229 40

625. 91_43 6.774 io600 40

625. 102-86 6.774 1.800 45

302. 325.60 1.129 5.698 _5
J

367. 317.60 2.258 5.558

431. 83.60 314.4 3.387 1.463 5.502

431 54 62.00 -- 3°387 1.085 --

496.06 65.60 287.20 4.516 1.148 5.026

_5.5 .o37 #
[

1.5 .03:5" C.C.L. TANGENT

34 . O_3
%

35 .D_O

40 ._ 50

.c3{z

.C26
= .

.c23

,4_9 _> MoHoB. TA/_GENT

39 6969 M.H.B. TANGENT
J

_5 .5_, 030 M.H.B. TANGENT

5.600 51 .o30

5.775
5.950j61 .02"7

-- .,_ 30 j sos CENTER
65 , oZ/_

65 o/2

65 . o331

6_ . o3(z!

_.s. osZ

625. 340.00 6.774

336. 350.00 1.724 6,1251

625. 350,00 6.774 6.1251

I_0. 350,00 18.064 6.1251

1399. -................. 1350700'" 20.322 6.125

1496. 350.00 22.016 6.125

1496. 3oo.oo22.016 5 o-1
302 342.40 1.129

37

I I IMII _ IIH I II

FUSEL.GE S [DE

F'_SEL_GE S _q]E

39 i._2_ _OD__W#=.o_9

20 ,_3 FUSELAGE SIDE

20 c3/

12 c:c,, T GENT



! •

iii

Uc x
_0. L

].28

].29._

130

3.31

132

133

134

135

136

1.37

138

3.39

3.40

141

142

143

3.44

145

146

3,47

148

149

3,50

151

3,52

!53

154

.200

._fi25.J2_

•6001012.18

.050302.52!

.i00 367.03

.200 496.06,

.300 625.05 _

.400754.12

.500 883.15

•6001012. i_

.700 1141.211

•8001270.24_
.................. !

.9001399.271

.300 625.0g

.400

•500

T_ble IV.(Cont,d) Orbiter

FULL SCALE

xo y z

496.06 -- 360.00

375.14

J76.40

410.00

410.00

430.00

430.00

430:00

430.00

430.00

430.00

370.00

478.80

754.12

883.15

HDDEL SCALE
FHUM

x NOSE y z

4 .516 -- __ 5.30__________00

6.774 5.30__Q

13.548 5.565

i.129 _ 6_2n

2.258 7.175

4.516 ___ Z.17_A

6.774 7.525

9.032 A

11.290 ........ .

13.548

15.806 T

18.064 _i..............7 ___25

20.322 __-_6"475

6.774 8. 379

11.290

13.548 ...........

9.032

15.806

13.548

•600 1012. I_

.700 1141.21

.600 IOI2.1E 4/_5.O

Li/_O.0 13.548

15.806

15.806

9.032

11.290

13.548

15.806

20.322

.600 i012.18

•7_0 1205.73
................+...........A5_O-OO

.750 i5o2.73+ .... 4_o.oo
.400754.12

.500 883.15

•600 1012.18

•700 _.141.-.__! ........

7.78_

7.70

7.875

.........

38

m

_7.5

77

%3:t
!6.5
106

105

i-

v

135

135

l!_s

135

113

112

116

59.'

65.'

6_

5KINI R.EMAR_

I"HICKI
_WC.SS !

;_..'Sb/45 ° TANGENT___

I
d;Bg! F!_[b_CE SIDE

,035 UPPER BODY

.d'_3

._32

._3Z

._G2

.052

:63f UPPF.R P,CDY

: I. _3C

._3C

.c_9

WING UPPER CREASI

WING UPPER CREASI



,,w_. ¸

m

TIC
NO.

I

1_s 
156

157

158

159

160

161

162

163

16_

165

166

167

168

169

17C

171

172

173

174

175

_76

177

178

179

180

181

182

._:),
b

__2_o
,ik

, ir

,.2 0

.3 1

.3 _ g

o4 0
__.

W

.4_)0

.5_]0

_p

.6(_ )

_b

,6C()

r_

X

C

m-

.025

.153

.299

.444

.590

.736

.900

.025

.i00

.200

.302

.559

.700

.900

.025

.177

.300

.48"7

.600

.700

°900

.I00

.200

.300

,,,428

.600

700

I_amUBIBW

Table IV.

FULL SCALE

X
0

754.120

883. 150

1012.180

11.41.200

1270.230

1415.900

754_000

883.000

1002.063

Y

11"7.085

ik

i17.085

187.336

1039.750

1090.000

1141.210

].270.230

1341.250 I

1441.750

1067.470

187.336

234.170

iContlnued)

MODEL SCALE

X
0

• w ::

7.043

9.030

11.288

13.545

15.802

18.060

20.61.3

9.030

11.288

13.364

14.031

14.900

15.802

18o060

19.307

21.065

14.5/6

1077o913 _ 14.696

i141.210

1270.2_0

1359.028

1442. 350

I
_C---

__ _--__
)

...... .....

234.170

281.004

Jl

15.802

16.706

18.060

18.895

19.618

21.075

15.995

16.625

17o255

1152.000

i188.00

1224.000

Y

2.049

&

I
!

2.049

3°278

3.278

4.098

4°098

4.918

I

]270.230 18.064

7•-h-CT&Toi281L00 -i .77 Sl 4.918
 T-7' -......... i

Orbit er

SKIN

THICK-

NESS

REMARKS

WING BOTTOM

SURFACE

ELEVON

ELEVON

WING BOTTOM

SURFACE

39



T,ble IV. (Continued) Oft, i.-!.e_

TIC
ND.

FULL SCALE

1T?0.230

1325.028

1380.400'

1408.100

.c<Jo

14 3S. d 00

/255.2O0

1299.600

1344.000

i]73.028"

_!&.743

12Q5.925

351.255

'IV

i351.255

398.089

398.089

398.089

421.506

421.506

444.857

l ]07.000

[],)8.950

MODEL

452.416

464.914

281.004

IFROM_
x _NOSE;

20°404

20°720

21.0'34

16. 599

L6.7;_

17.084

18.06&

t9o 023

19o992

20_476

20o719

20°962

17. gOl

18.578

19.355

19.863

18.846

II litI IIIIIIII

SCALE

Y

_.?ig

REMARKS

. ROLLED

4O



_ Table IV. (Continued) orbiter

.6OO

• 600

.600

.850

.850

.&OO

x
FULL SCALE ,MODEL SCALE

SKIN

....... l "'IIF ROU_ THICK-

Xo Y x_NOSE] Y NESS

I MI IIIII I

281. OOL L.918 . O3__

281.00_ _.918 . © 3 5"

281.00& &. 918 . O _ _"

398.089 6. 967 , O2 cP

. OZO

398.089

.200 1090.428 L i&.918

_F .600 1291.171 IF

._oo -959_ .__6_6.875_7_,__6_ .....

.600 .050 i134.886 281.00k 15.696

.600 .200 1188.657 _g 16.637

.600 .600 1332.028 19.1A6

k_6:967 ,_ZO

3.278 . _92b "

REMARKS

CLUSTE_ _. B .......

SEE FIG. 6--

CLUSTER C

S_ FIG. 6

Ir

WING" TOP

3.278 * 4_3/

4,918 , _ 5Z

, .o_/

. cp3Z

•o3_
.(933

ELEVON

_ .800 =iA04.000

,_ .9oo LL40.OOO _r

.600 .950 1458.00(] 281.OO4

.800 .050 1223.O57 374.672

_& .200 1260.2571

.600 1359.51_

•800 1408.780

_|--_iO- 1/_6.1&5 37&.672

20.AOA

21.03& I

21.349 4.918

_7.239 6.5_7 , O33
17.889 _w

19.627

20.&88

20.924 _

21.192 6;557

• O 53

'' n •

.o_c)

O9C>

, o--_ C)

ELEVON

¢

ELEVON

ELEVON

ELETJON

41



TablelV. (Contlnued)

Crblter

, / C __ _ X ' _ -- I FULL _ _ _--_II'I_ IIS C A_ ..................... '''_ _ _" _ X ; k SCAL E .... _ m." I _ I I _

iOo I ,- , x o x OSE Y z
i

allm_llllll _ ._ ill illl

:'411829 i3,7,_ -- 18.715

!42) .(K)O 13o9,2' 20.318 ....

.................................................-;;.o:-I......................................'3_3_I.3!_: _-_.__':..°z ...... _..........................................
, ' _ 22. 575.,t.4, L.ooo i752r.'..

..... u

SKIN
THICK-
NESS

ii

,p2d_

. e3_5"

. 030
e]4,'

REMARKS

BOTTOY , : :'_S:

BCr,L,. : :,-,; .......
" r: z', %It!

BOTTOM ,_r .._

_45: L-OI.&4]S&'7* .) I 22.902 ,,0_" BOTTOM OF kCS
!46i"_/12&5 95.0 g7&..O 17.608 1.662 8.295 12'7[i _5:'32. C._S P,,[,,

.18,71_.. _2.__.!79

19.z,.6o _2..32o ....
21.7_0 2.Z_9_

,l&2.5 Y 22. 575 2.&g&

___-221_

__8.29._

8.295

£.295

.20, 8 . ¢_.-__/ ...........................................

-A_,_k_L_°_:_.,.? ............
I17.5 . 02_

117.5 , o 33

. o _ ._75.

129.5 ,O52--

O9.o ,q:23_ .......
130.0 - _ 3/

. oZS

. o_/'

. _DSZ

. 033

_.47) ._1276 112.9 _7/._.O

Z49 .862 .... _3___9 IX)2._.§.......

'.51 1.OOC 15;"_:'.3

P-52 1.01A! 15L7.0 &T&.O 22.902 8.295

1276 105.5 &88 19.173 1.8&6 8._0

_3o7 . _z_7.9._98.7 1_.? t5 ..... 2.o_8 ....... 8.727 ....
1350 '126.5 506 19.&60 2.2_ 8.855

130.013&. 5 513

5OO

5OO

95.0 A9&.3

95=9 51___.c

21.7&0 2.35& 8.978

22.575 8.750

22.902 8.750

18.173 1.662 8.650 135.C

1.39.C - o3_- _

.95" 0_,530_,C 21.7z,9 ___1._6__6_2.............?_.22_5__k___.._q..__:.oZ_ ..............

65 517.5 1.9.&60 1.138 9.056 151._ .C5/

(;.'_ PubS

253 .8o5

254 .829

2 55 .862

56 .963

257 1..OCO

25B l.Ol L,

259 .8O5

26G .829

21.7/-,,0 i.138 _:y.2:72 153

II I

l&80

1528.3

15&7.0

1276

13o7

26_____.,8_._6___!13_ ........'_A__.Szk_c. 19,.460 ......1.:.6A2__.... 9::!_!_....

z6___2.96__!_rL_?...........
263 .862 ]350

.... r ........

i I I

42



N( x
c

FULL SCALE

X o Z

Table _IV.(Contlnued) Orbiter

MODEL SCALZ

[FROM_ SKIN
X_NOSE/ z THICKNESS

.i( .00 550.20 19.513

• 3( ',":].51 550.20

.7( 1L98.66 i50.20

,.oc 594.40

.1C A 20.2&6

•30 oo 21.018

•70,

.90 59_. _0

•OO 667.96

,i0( _38.31 4&

,3(K 9L_

,50( _.6kl.5 7

,70( v

90( 2_5__L___

oo

lOC A L. 403

3oc 1490.1A

50O 1519.

700 w

9oo

30 785.73

LO0 1576.49 785.73 23.42&

iOO 1625.8_ .73 2A.288

REMARKS

VERTICAL TAIL

L.E.

L.E.

L.E.

VERTICAL TaIL

_3



Tsble IV. Orblter Left Main NOzzle T/C Locations

Model 22-OTS

i

T/C
NO.

301
.._m,m.---- -- ....

303

304

305

3[)6

30/

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

'lllllllrlUl II IIII

FRoMEXITPLA" 
F.S. M.S.

_yn

x

r

I0"

....--

15"

25"

i

@. CLOCKWISE LOOKING FOR'_ARD

-_-- 0° BOTTOM qL

0.263

LZ
0.438

0 °

25 o

450

65

90 °

135 U

3150

0_

250

450

65 o

900

0 o

450

900

0_

450

650

90 _

BASE PLATE

..... !,,_, , ,, , --

45"

ILFI tl • I I

o.OBB . _3 /

+ o3/

. _}/

-0 3/
F--------
L " 0 '_ /

r .o5i

O. 175 . o3/

.o31

.eP,3 1

.o31

.o._/

.c-_/

._/

.03 .I

i - .o3]
-

O. 788 ,OB /

.oB2_

.o34Z

,o3)

. (932-

I I llllprll I l .

44



D

o,

Table

T/C x T FS *NO. Xms

, ,,,, ,

IV. External Tank

5oi _L_ 1.3o69__-
u

502 458.20 2.6110 ,080 A

503 588.75

504 lo55.oo

SOS 1428o00

50G 18oz.oo

GO1 lO55.oo

508 1241.50

509 1428.00

5]0 1614.50

511 18Ol.OO

S ] D 1987.5

s13 8G8.5

514 961.75

51 S 1o55.oo

,51 6 1241.50

517 1428.oo

518 1521.25

S] 9 1614.50

520 1707.75

521 18o1.oo

......... , , ,, , • .

X

U 8
_, ,, ,,,

•040 0 °

4.896 .150

13.055 .400

19. 582 .600

26. ii0 .800

13.055 .400

16.319

19.582

22.846

26.116

Locations

SKIN

THICKNESS

.o3L

1 29.374
I
-v

•035

.035

1r ,03&

.....-o_-- .o3_

45° •035

522 1987.5

523 682.00

.500 i •035

.600 .03&

.7oo .03_
J

. oo ....

.9oo 45°
9.791 .300 67.5 °

II

REMARKS

.,, . , L I

NOSE

NOS_

NOSE

J
, ,j........ , .......

11.423 .35o 4, 1
.... ' • _' m

13. 055 .400 _.035

16. 319 .5OO ,i.03_

19.582 .600

21.214 .650

22.846 .700 !.03_
,,L ....... _ , ,,,

24.478 .750 _.035
J........

26. Ii0 .800

29.374 .900 67.50

6. 528 .200 90 °

524 775.25 8.159

525 821.88 8.975

G26 86-8.5o 9.791
, ,,,

527 915.12 10.607

528 961o75 I1.423

529 1o55.oo i3.o55

530 i L4s.2s 14.687

S31 n41.5 { 16.319
4.,,

532 1334.75 17.951

533 1428.00 19.582

%r-*MEASURED FROM ,llUoE

.250

.275

.300

.325
, m

.350

.400

.450

.500
,i

.55o F

.o35

.034

.o35

•03&

.035

.600 90 ° • 034.

45



T/C :_T FSNO.

53_
N

535

536

537

J 3_9__8
539

1521.25 21.214

1614.5C 22.846

1707 ,75 24.4"78

iSOl.O0 26,110

1_94 o25 27 •742

1987•50

.700

.750

.800

•850.900 90 °

•275

o300

' 112.5 °

.325

•350

• 400

.450

.500

• 550

• 600

.650

700

750

800

.850

.900

.825

.850

.875

• 900

.925

.960

.325

123 °

135 °

.o3f

•o34

•035

- _034

-%<

- i-oi;

-O.3d

•o_ .......

•034

• o35558

559

560

561

56_

563

56,t

565 1148.,_5

[ 566 . 1241.50

567, 1334.75
%

568 1428 .oo

569 1521.25

*MEASURED FROM

14.687

16.319

17.951

19. 582

2].,214

NOSE

•450

.SO0

.550

.600

.650

I III

46
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TIC .x T FS
NO.

,w,m_mml_, _, L.....

570 1614.50

571 1707.75
IP ,,

572 18Ol.OO
,, ,,, j,,,

_L. __1894.25

574 , 1987,.,,5o

57'5 2052.78

576 1055.o0

L577 11Ol.62

_L578 o ;L148.25
579 1194.88

580 1241.5o

58] 1334.75

582 1428.oo

583 1521.25

584 1614.50

1707.75

586 18Ol.OO

587, 1894.25

1987.50

589._.9___11Ol.62

59__ 1241.5o

_h_ 1614.5o

59L 1987.50

593 Z055.00

594 309.00

595 318.32

327.65

597 383.6o
598 a_ _n

*,MEASURED FROM NOSE

, ".

Table )V,. (Continued)
(External Tank)

s
x

Xlg S ["

22.846 .700
' ,' i ,

24.478 .750
j ,,_

26.110 .800

•27.742 .850

29. 374 .900

30.576 .935 135 °

13. 055 .400 151
J

, , , L

SKIN
g THICKNESS REMARKS

.... L , J,

135 ° '-035

.o3_ .........

, "934 I II '

1 _o35

13.871 ...... .425 l_

.600

.650

.700

.750

.800

.850

14.687 .450

15.503 .475

16.319 .500

17.951 .550

19.582

21.214

22.846

24.478

26.110

27.742

.900

.425

"iO0. oo 16 "

1.9oo .....165"
1.4oo ze,_"

0.000 180

.005

i-010

_.040

29.374

13.871

16.319

22.846

29.374

13.055

0.000

..... 0.163

0.326

1.306
_ L,, • • ,

2 _F,] I _O,qn ] _C 0

.035

$

1.035
i

1.o33

i .o33
J ,,,,,

o3_i"

i.033

I.o35

ii ,

NOSE

47



TIC
NOr

at

599

600

601

60_._2_2
603'

___
605

_606

607

609

610

61!
612

i613

i6] 4
615

616

617

618

619

620

!621

622

623

624,

625

626

Table IV. (CONTINUED)
(External Tank)

x T FS * x
Xms [" e

588.75 4.896
......... ,.,,,, ,

682.00 6.528

775.25 8.159

868.50 9.791

961.7 5 ii. 423

1008.38 12.239

i055.00 13.055
I "

1101.62 13.871
= -....

1148 .25 14.687

1194.88 ...........15,503

1241.50 16.319
m ,,

.150 180 °

.200 A

.250

.300

.350

.375

.400

.42s.___....

.450

.475

.500
i

SKIN

THICKNESS

.o35

I•o3_
,j --

.o3 

1288.12 17.135

1334.75 17.951

1381.38 18.767

1428.00 19.582

1474.62 20.398

1521.25 21.214

1567.88 22.030

1614.50 22.846

1707.75 24.478

1801.00 26.110

1894.25 27.742

1987.5 29.374

2056.50 30.581

2127.38 31.822

458.20 2.611

587.75 4.896

868.50 9.791

.525

.550

.575

.600

.625

.650

.675

.700

.750

.800

.850

.900

.937

.975 180 °

.o35
•03_

.034

.035

.035

.034

.o35

•034

•o3/,

.0%

.080 19&" .035

.150 196" .035

• 3oo z :__° .o15

*Illi[ASURED FROM NOSE

4_

!
REMARKS

........ --M

. ,,,,



_ u

TIC x T FSNO.
|

627 1241.50

6_;8 1614.50
4

629 198_.50
i

630 588.75
i ' _ [

631 1055.00 13.055
,,, ,,

63'2 1428.00 19.582

633 1801.00 26.110

634 2056.50 30.581

635 1055.00 13.055

636 1241.50 16.319.

637 1614.50 22.846

638 933.78 10.934

639 1055.00 13.055
,, .... L

640 1428.00 19.582

641 1801.00 26.110

*MEASURED FROM NOSE

Tl'b]eVI. (Concluded) ,

(External Tank)
IiHl , .. IiI I I I

* X
Xms [ 8 SKIN

'THICKNESS REMARKS
J il . , , H lIiI I

16.319 .500 196°

22.846 .700 196 °

29.374 .900 197°

4. 896 .150 208 °

.400

.600

.800 I

208

.400 Z16 °

.500 21b o

.700 216 °

.335 222-5 °

,.400 ,, 229 0

.600 229 °

.8oo 22.9°

• 03_.

..03_
.034

.033

•03/_

.035

.035

.035

.o3&

.03A

.03&

.036

.03_

.035

.035

u, i



T/C Schedule i

TABLE V.

THERMOCOUPLE HOOKUP SCHEDULE

Channel T/C Channel T/C C1o_nnel T/C

No. No. No. No. No. No.

i 1 33 34 65 68

2 2 34 35 66 69

3 3 35 36 67 71

4 4 36 37 68 72

5 5 37 38 69 74

6 6 38 39 70 90

7 7 39 40 71 91

8 8 40 41 72 92

9 9 41 42 73 93

i0 iO 42 43 74 94

ii ii 43 44 75 95

12 12 44 45 76 96

13 14 45 46 77 97

14 15 46 47 78 98

15 16 47 48 79 99

16 17 48 49 80 iO0

17 18 49 50 81 I01

18 19 50 51 82 i02

19 20 51 52 83 i03

20 21 52 53 84 104

2_ 22 53 54 85 _o5
22 23 54 56 86 iii

23 24 55 58 87 115

e4 25 56 59 88 i_6
25 26 57 60 89 134

26 27 58 61 90 135

27 28 59 62 91 150

28 29 60 63 92 155

29 30 61 64 93 156

30 3L 62 65 94 157

31 32 63 66 95 158

32 33 64 67 96 159

97 160

5O



, i¸

T/C Schedule 2

Chin No. T/C No

1

2

3
A

5
6

7

8

9
I0

II

12

13
IL,

15
16

77

18

19
20

21

22

23
2L

25
26

27
28

29

30

31
32

161

162

163
16L,

165
166

167
168

]69

170
171

172

173
171:

17_
176

177

178

179
180

181

I_2

IS3
18&

185
186

187
188

189

190

191

192

TABLE V. - Continued.

THERMOCOUPLE HOOKUP SCHEDULE

Chin No T/_C No

33 193

3A 19&

35 195
36 196

37 197

38 198

39 199

_0 200
_,i 201

L,2 202 _,
/.3 203
LL 20/,

L5 205
1,6 2O6

_7 207
1,8 208

I_9 209

50 210

51 211
52 212

53 213

5A 21A

55 215
56 216

57 217
58 218

59 219
60 220

61 221

62 222

63 223
6/_ 22h

Ch-n

65
66

67
68

69

70

71

72

73

7L

75

76

77

78

79
80

81

82

83
8A

85
86

87
88

89

90

91

92

93
91,

95
96

97

No ° T/C NO.

229

230
233

2%

2L6

2L7

2L,8

2A9

27A,

275
276

280

281

282

285
286

288

501

502

5O3
50L

505

5O6

5O7

508

509

510

511

512

513

515
516

517

5]



TIC Sched.!e .3

c_,n. Ng_..........'L/c .No

i 5!9

2 52].

3 523
i,. 526

5 529

6 531

? 533
£ 535

9 537

Zo 539

11 r,L1

]_2 514

1_ %6
]1, 5L,R
15 55O
14 552

17 555

18 55?

19 558

20 561

21 562

22 563

23 563,
2t,. 565

25 56(,

26 567

27 568
2S 569

29 57O
30 571.

31 5'72
32 5'73

TABLE, V. - Continued.

THE_MOCOUPLE, HOOEUP SCHEDULE,

Chan No. T/C No

33 574

34 576

35 577

36 578

37 579

38 580

39 58]

LO 582

LI 583
1.,2 58A

L3 585
LL 586

Z5 587

L6 589

1,7 590

L8 591
L9 592

50 591,

51 595
52 596

53 597

5Z, 598
55 599
56 600

57 601

58 602

_9 60_
60 60L

61 605

62 606

63 607

6L 608

Chan No. ..... TX(: t.'

65 {x)9
66 610

67 "::i !
68 612
6o 6] 3
70 (,1L
71 61t"
72 61c

7L (,] _
7.5 (q9
76 620
77 621

78 (,22

79 623
80 62L
P,l 625
82 626

83 627

8L 628

8_ 629
86 (,3o
87 631

89 (,33
90 (,3L

91 &35

92 4"36

93 r,37

9L 638

95 639

96 61,0
97 6L1

52



T/C Schedule _L.......

Ch'n No T/C No
.......... •.-., .................

I 77

2 78

3 79
L, 80

5 81
6 S2

7 83
8 8L

9 85
I0 86

11 87

12 12

13 IA

IA 15

15 16
16 17

17 18

18 19

19 20
20 21

21 22

22 23

23

2l, 25
25 26
26 27
27 28
28 29
29 30
30 31
31 32

22 33

TABLE V. - Continued.

THERMOCOUPLE HOOKUP SCHEDULE

Ch-n No T/C No

33 31-,.
3& 35
35 36

36 37

37 38

38 39
39 1,0
L,O L1
I.I 1,2

1,2 1,3
13 IA
l,& L5

&5 &6

t,6 L?
&? L8

A8 L9

L9 50

50 51

51 52

52 53
53 5&
5L, 56

55 58
56 59

57 60

58 61

59 62

60 63

61 6A

62 65

63 66
61, 67

Ch, n No T/C No

65 68
66 69

67 71

68 72

69 7L,

70 90

71 91

72 92

73 93
71, 9L

75 95

76 96

77 97
78 98
79 99
80 I00

81 i01

82 102

83 103

8L iOA

85 105

86 iii

87 115
88 116

89 13A

90 135

91 150

92 155

93 156

9L 157

95 158

96 159

97 160

L
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T/C Schedule 5_..

Chrn No T/C No

1

2

3
L

5
6

7
R

9

lO

II

12

13

1_,

16

17

18

19
20

21

22

23
2/,

25
26

27
28

29

3O

31

32

C_en

TABLE, V.- Continued.

_EP.MOCOUPLE HOOKUP SCHEI)ULE

,C.bLU_N_O_......._!/C5_o

33 Open
3L

35

36

37

39
1,0

L3

I,5

l,7

IO

5O

52

5_

5L
55

56

57

58

59
6O

61

_2

6L

Ch.n No TIC Fo

65

67

6P

69

70
71

72

7_

71,
9 _

76

77
"IR

79

_1
R2

P_

_J

87

88

a9

9O

91

92

93

91,

95

96

97

O_Y

501

5O2
5O3

505
506
507
508

509
510
511
512
513
515
516
5].'7

54



T/C Schedule 6

Ch;n No _TZC N_eo

1

2

3
A

5
6
7
8

9
10

]3.
12

1A
15
16

17
18
19
20
21
R2
23
24

25
26

27
28
29
3O
31
32

59
60
61

62

63

64
65
66

67
68

69

70
71
72
73
74
75
76

88

89
90
91
92
I01

102

103
104

105
106

107
108

109

TABLE V° - Continued.

THERMOCOUPLEHOOKUP SCHEDULE

Ch:n No T/C No

33 IiO

36_ in
35 112

36 113

37 114

38 115
39 116

AO 117
Al i18

42 119
43 120

AA 121

45 122

46 123

47 124

48 125
A9 126

50 127
51 128

52 129

53 130

5A 131

55 132

56 133
57 134

58 135

59 136

60 137

61 138

62 139

63 140

64 141

Ch'."n No

65
66

67
68
69
70
71

72
73
74
75
76
77
78
79
80

81

82

83

84

85
86

87
88

89
90
91

92
93

94
95
96

97

7

T/C No

142

143

144

145
146

147
148

149

150

151

152

153

154

155
156

157

198
159
160

161

162

163
16_

165
166

167
168

169

170

171

172

173
174

55



T/C Schedule _ 7

Ch."n No........ No_

I 175
2 176

177
L 17_

5 179
6 180

7 181
182

9 183
i0 18L

II 185

12 186

13 187
IL 188

]-5 189
16 190

17 191
18 192

19 193
20 196

21 195

22 196

23 197

2A 198

25 199
26 200
27 201

2,% 2O2
_9 203
30 20L

_i 205

32 206

TABLE V. - Continued.

THERMOCOUPLE HOOKUP SCHEDULE

Ch_-n No T/C Nn

33 207
3l, 208
35 209
36 210
37 211

38 212
39 213
LO 21A

AI 215
L2 216

A3 217
hA 218

II5 219
L6 220
A7 221

A.8 222
A9 223
50 22L

51 241

52 2A2

53 2_3
54 244

5,5 2L5
56 2&6

5'7 21,7
58 2L8
59 249
(-,0 250

6_[ 251

62 252
63 253
6L, 25L

Ch _n No_ T/C No

65 255
66 256

67 258

68 259

69 260

70 261

71 262

72 263

73 26L
7A 265

75 266

76 267
77 268

78 269

79 270
80 271

81 272
82 273
83 27/,
8A 275

85 276

86 277

87 278
88 279

89 280
90 281

91 282
92 283
93 28_,
% 285
95 286

96 287

97 288

56



T/C Schedule

Channel
No.

i
2
3
4

5
6

7
8

9
i0
ii

12

13
14
z5
16
17
18
z9
2O

21

22

23
24

25
26

27
28

29
3o
3z
32

8

NO.

1

2

3
4

5
6

7
8

9
i0

ll
12

Z4
15
16

17
18

19
20

21

22

23
24

25
26

27
28

29
3O
3l
32
33

TABLE V. - Continued.

THERMOCOUP_ HOOKUP SCHEDULE

Channel

No.

33
34
35
36

37
38
39
4O
41
42
43
44

45
46

47
48

49
5o
51
52
53
54
55
56

57
58
59
6O
6l
62

63
64

TIc
NO.

34
35
36

37

38
39
4O
41
42

43
44
45
46

47
43

49
5O
51
52
53
54
55
56
57
58
77
78
79
8O
8z
82

83

Channel

No.

65
66

67
68
69
7o
71
72
73
74
75
76
77
78
79
8o
81
82
83
84
85
86
87
88
89
9o
91
92
93
94
95
96
97

T/C
No.

84

85
86

87
93
94
95
96

97
98
99

lO0

225
226

227
228

229

23o
231
232
233
234
235
236
237
238
239
24o

Open

57



TABLE V. - Continued.

T/C Schedule

THERMOCOUPLE HOOKUP SCHEDULE

Channel T/C Channel T/C Channel T/C

No. No. No. No. No. No.

i 301 33 9 65 42

2 302 34 1.0 66 43

3 303 35 ii 67 44

4 304 36 12 68 45

5 305 37 14 69 46

6 306 38 ]-5 70 47

7 307 39 ].6 71 48
8 308 40 17 72 49

9 309 41 1.8 '73 50
i0 310 42 19 74 51

ii 311 43 20 75 52

12 312 44 21 76 53

13 313 45 22 77 54

14 314 46 23 76 56

15 315 47 24 79 58
16 316 48 25 80 93

17 317 49 26 81 94

18 3].8 5o 27 82 95
19 319 51 28 83 96

20 319 52 29 84 97

2z 3el 53 3o 85 98
22 322 54 131 86 99

23 323 55 32 87 i00

24 324 56 33 88 91

25 I 57 34 89 i08

26 2 58 35 9o l_o
27 3 59 36 91 112
28 ;4 60 37 92 92

29 5 61 38 93 109
30 6 62 39 94 113

31 7 63 40 95 i14

32 8 64 41 96 Open

97 Open
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T/C Schedule I0

-Oh:n...N_-°.........._<C..No

1 155
2 156

3 157

158

5 159
6 160

7 161

162

9 163
I0 16A

II 165
12 166

13 167

it 168

15 169

16 170

17 171

18 172

].9 17°

20 171.

21 175

22 176

23 177

2A 178

25 179
26 180

27 181

28 182

29 183

30 18A

31 185

32 186

TABLE V. - Concluded.

THEP21OCOUPLE HOOKUP SCHEDULE

C._h!A..N.o........T/_C No

33 187

3A 188

35 189
36 190

37 191

38 192

39 193
AO 19t,

LI 195
t,2 196

43 197

A4 198

A5 199
1,6 200

1,7 201
AS 202
L9 203
50 201,
51 205
52 2O6
53 207
5_ 2O8

55 209

56 210

57 211

58 212

59 213
60 21A

61 215

62 216

63 217
6_ 218

cb_'n_._No

65
66

67

68
69

7o
71

72
73

71.

75

76

77

78
79
80

81

82

S3
8L

85
86
87
88
89
90
91

92
93

91,

95

96

97

T/C No

219
22O

221

222

223
22L,,

Open

59
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Yo= I

Yo • " 70

322--Z
o

- 430

Zo - 320

b. Instrumented I_ozzle Base Plate

Model 22-0TS

Figure 2. - Continued,
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_y

LEADING EDGE

l

214_, L.E. 60% SPAN x o 1116.0
2 Y, - 281_004221) 1 FOR CLUSTER C TIC _0. 218 224
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Components are designated by the 4th character in the dataset identifier.
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